Abstract. Image quality evaluation standard mainly relied on the traditional standard like peak signal to noise ratio (PSNR), but PSNR does not meet people's subjective assessment. To obtain more accurate evaluation with subjective and objective uniformity, the multi-indexes are considered. Our evaluation system includes three parts: (1) grade evaluation; (2) auxiliary evaluation; (3) reference evaluation. The value of grade evaluation is mainly determined by the grade evaluation, and minor modifications are made by the auxiliary evaluation. The reference evaluation provides the traditional objective standards so as to comparative analysis. The results of actual operation show that it is comprehensive and effective.
Introduction
People can easily produce a large number of digital images with the help of the camera or smart mobile phone. However, for some special purposes, such as watermarking, the digital photos need to be appropriately modified. Watermarking algorithm, which can also be called information disguise technology, means that information is embedded to the images without being noticed by human's visual sense. The designer seeks an algorithm with a high embedding rate as well as a low distortion factor. But how to evaluate the quality of watermarking algorithms is a challenging problem, and the image processing is also facing the same problem.
Image quality evaluation is usually divided into subjective assessment and objective calculation. ITU-R BT.500-11 RECOMMENDATION Methodology for the subjective assessment of the quality of pictures is adopted as subjective assessment. The most common objective method to evaluate the quality of an image is using Peak Signal to Noise Ratio (PSNR) [1] . It is commonly believed that a larger PSNR implies better quality. But it is obvious that there is a big difference between PSNR and the supervisor's evaluation by simple calculation. For example, if the same modification of an image is selected in human sensitive and non-sensitive parts of the image respectively, the difference of PSNR will be very small, while the difference of evaluations given by human viewers will be relatively large [2] .
To match the visual feeling, some researchers began to use the structural similarity (SSIM) method for image quality evaluation [3] , which can better reflect the similar structure of visual experience. In [2] , we proposed an image subjective quality evaluation model by structure and hue similarity (SHSIM) with human visual system (HVS). The corresponding relation between ITU-R quality and impairment scales model and objective assessment by SHSIM is set up from these three aspects as structure, color space and human visual system. Just-noticeable difference (JND) results from physiological and psychophysical phenomena in the human visual system (HVS). The perceptual adjustment based on Watson Just Noticeable Difference model can refer to the relevant literature [4] . Following this approach, an improved estimation of the JND in terms of luminance and contrast masking can be obtained literatures [5] . In [6] , we built the corresponding relation between subjective evaluation criteria and objective assessment by JND model. However, with the objective measures of SHSIM and JND, we can also note that the deviation of the subjective value and objective value. We recognize that the single objective evaluation index is difficult to reflect the image quality overall accurately. Therefore, a variety of objective indicators will be considered in the evaluation system with subjective and objective uniformity.
The rest of the paper is organized as follows. Section II introduces the related objective criteria. The design of the evaluation system is proposed in Section III. The performance of evaluation system has been demonstrated in Section IV, and Section V concludes the paper.
The Related Objective Criteria
The objective quality measurements are save time more than subjective quality measurement. A traditional way to judge the quality of an image uses peak signal to noise ratio (PSNR). Similar indicators besides PSNR, as well as mean squared error (MSE), signal-to-noise ratio (SNR), mean absolute difference (MAD), Laplacian Mean Square Error (LMSE), Normalized Cross Correlation (NCC) and etc. [1] In statistics, the mean squared error (MSE) or mean squared deviation (MSD) measures the average of the squares of the errors or deviations-that is, the difference between the estimator and what is estimated. SNR is defined as the ratio of signal power to the noise power, often expressed in decibels. The mean absolute difference (MAD) is a measure of statistical dispersion equal to the average absolute difference of two independent values drawn from a probability distribution. Laplacian Mean Square Error (LMSE) is based on the importance of edges measurement. The small value of Laplacian Mean Square Error (LMSE) means that image is in a good quality. In signal processing, Normalized Cross Correlation (NCC) is a measure of similarity of two series as a function of the displacement of one relative to the other. If the numerical value is closer to 1, the similarity is the better between the two images.
PSNR and the other objective quality measurements above are good distortion indicators for random errors but not for structured or correlated errors, and not consistent with SHSIM and JND. PSNR and the other objective quality measurements above are not suitable subjective scales to evaluate the image quality.
JND index can be used to image quality evaluation based on HVS, but it cannot give the cause of image quality damage. SHSIM index can give the better evaluation as well as the cause of damage in terms of structure and hue similarity. In order to reveal more causes of image damage, the following indicators are introduced:
Pixel Histogram Distribution. The watermarking algorithm with good performance do not modify the frequency distribution of the pixel values of the image largely, which results in significant differences in the frequency distribution of the pixel values. If the estimated image is compared with the original image, the frequency of a pixel has changed a lot, and "the singular point" of the frequency distribution occurs [7] .
Image Regional Characteristics. Because of the modification for the original image is different, it will make the changes of the regional characteristics, and the ratio of the number of regional changes in the block characteristics to the total number of blocks will be as an objective measure for modification of image characteristics.
Image Edge Contour. The changes of the edge contour image are adopted as an objective index to describe the extent to which an image is modified [8] .
Difference Image Density Uniformity. The objective measure of the difference image density uniformity includes three parts: the extraction of the edge contour of the difference image, the calculation of the density of the block and the gradient change between the blocks.
Image Distortion Measurement. An objective index is used to measure the distortion of pixel values resulting from image modifications.
In order to implement the image quality evaluation with subjective and objective uniformity accurately, all objective measurements above are considered.
The Design of the Evaluation System
According to the performance of indicators, the indicators above were divided into three groups: grade evaluation group (including SHSIM and JND), auxiliary evaluation group (including pixel histogram distribution, image regional characteristics, image edge contour, difference image density uniformity, and image distortion measurement) and reference evaluation group (including PSNR, MSE, SNR, MAD, LMSE, and NCC).
Since objective index of structure and hue similarity can reflect the human visual system on image quality changes and it can also distinguish the visual observation and capture the difference between images well, we have set up the corresponding relation between ITU-R quality and impairment scales model and objective assessment based on SHSIM from these three aspects as structure, color space and human visual system [2] . The empirical mapping between ITU-R quality and impairment scales model and SHSIM objective assessment for gray image quality evaluation is listed below. 
where ssim is the index value calculated by SSIM model [3] , g(ssim) is the corresponding score of subjective assessment by the above empirical mapping function.
The empirical mapping for color image quality evaluation is established as follows: 
where shsim is the index value calculated by SHSIM model [3] , g(shsim) is the corresponding score of subjective assessment by the above empirical mapping function.
In order to improve the accuracy of the image quality evaluation model with subjective and objective uniformity, Watson Just Noticeable Difference (JND) model is introduced, the corresponding relation between ITU-R quality and impairment scales model and objective assessment by JND model is built [6] . The following empirical mapping is the function between the JND objective index and the evaluation grade for the case of gray image. 
where jnd is the index value calculated by JND model [5] , g(jnd) is the corresponding score of subjective assessment grade given by the above empirical mapping function. Although the indicators of the auxiliary evaluation group are not consistent with the human's visual judgment, we still set up the empirical mapping function between grade quality evaluation and these objective assessments so that people can find the causes of impairment scales damaged by image modifications.
The comprehensive value of grade quality evaluation is mainly determined by the weighted sum of JND and SSIM grade, but the auxiliary evaluations also make adjustments to fine-tune the grade value to better agreement with the human's visual judgment.
The empirical mapping between grade quality evaluation and pixel histogram distribution objective assessment is established as follows:
Where score is the grade quality evaluation value , corrObj is the image pixel number frequency objective measurement.
Similarly, the corresponding relation amoung ITU-R quality and image regional characteristics, image edge contour, difference image density uniformity and image distortion measurement also can be given by the empirical mapping respectively. But the corresponding relation for gray image and color image should be given separately.
In synthesizing the factor, the value of grade evaluation mainly determined by the grade evaluation group and minor modifications made by the auxiliary evaluation group are the main framework of system software design. The auxiliary evaluation will point out the causes of impairment scales, and the reference evaluation is so as to comparative analysis.
The Performance of the Evaluation System
Our system is programmed by C++. The evaluation report is composed by three parts: grade evaluation, auxiliary evaluation and reference evaluation.
The running results given below verified the performance of the system. First, input the following two images Figure1(a) and (b). The SHSIM grade value is 4.1727, and the SHSIM index map is given by Figure 1(c) . The JND grade value is 4.3384.
The auxiliary evaluations are the following:
The image pixel number frequency grade value is 2.0925, the image pixel number frequency distribution images are shown as Figure 2 . The image regional characteristics grade value is 4.2169, the region characteristics and changes of the blue component of the image are shown as Figure 3 . The region characteristics images of the other color components can be given similarly. The difference image density uniformity grade value is 2.8706, the difference image and edge contour of the red component of the image are shown as Figure 5 . Similarly, the edge contour images of the other color components feature graphs can be drawn. The image distortion grade value is calculated as 3.9718. The results of the traditional objective evaluation are listed in Table 1 . The total grade value is obtained as 4.210013, belong to 4-good. By the above evaluation, the factors that affect the performance of the evaluated image are as follows: (1) histogram distribution; (2) image regional characteristics; (3) difference image density uniformity.
The evaluation system we implemented is timesaving, laborsaving and more accurate than the manual. Compared with our earlier research work, it offers a more accurate and comprehensive evaluation.
Summary
The evaluation system of the image quality with subjective and objective uniformity includes three parts: (1) grade evaluation; (2) auxiliary evaluation; (3) reference evaluation. The value of grade evaluation is mainly determined by the grade evaluation group, but minor modifications are made by the auxiliary evaluation group. At the same time, the causes of damage to the estimated image are pointed out at pixel histogram distribution, image regional characteristics, image edge contour, difference image density uniformity, and image distortion measurement. The traditional objective standards are provided by reference evaluation group so as to comparative analysis.
Our evaluation system is easy to calculate, and can be carried out at any time. The results of actual operation show that it is comprehensive and effective.
